Fluorescence lifetime imaging microscopy for the detection of intracellular pH with quantum dot nanosensors.
While the use of quantum dot (QD) nanoparticles for bioimaging and sensing has been improved and exploited during the last several years, most studies have used emission intensity-based techniques. Fluorescence lifetime imaging microscopy (FLIM) can also be employed for sensing purposes, overcoming many of the limitations of the aforementioned systems. Herein, we show that the photoluminescence (PL) lifetime of mercaptopropionic acid-capped QDs (MPA-QDs) collected from FLIM images can be used to determine intracellular pH. The PL average lifetime of MPA-QDs varied from 8.7 ns (pH < 5) to 15.4 ns (pH > 8) in media mimicking the intracellular environment. These long decay times of QD nanoparticles make them easily distinguishable from intrinsic cell autofluorescence, improving selectivity in sensing applications. We demonstrate, for the first time, the successful detection of changes in the intracellular pH of different cell types by examining the PL decay time of QDs. In particular, the combination of FLIM methodologies with QD nanoparticles exhibits greatly improved sensitivity compared with other fluorescent dyes for pH imaging. A detailed description of the advantages of the FLIM technique is presented.